Abstract-Abstract: Solid fuel cells combined heat and power is one of the most promising technologies for reducing energy consumption in stationary area (commercial building and residential environmental). This paper is aim to studies the model, applications and economic feasibility of an model of Solid Oxide Fuel Cell micro combined Heat and Power (SOFC mCHP) for single-family apartment in Wuhan area. A model of Solid Oxide Fuel Cell micro combined Heat and Power (SOFC mCHP) system is presented to estimate the energy required to meet the average of electricity and heating demand of a 120 m 2 of single-family apartment in Wuhan area. Several simulation are conducted in Matlab-Simulink® environment in order to archive the aim of this paper. The model can be modified for any SOFC micro-CHP system. SOFC micro-CHP for stationary area has a higher potential to becoming cost-competitive in the worldwide. Based on the economic feasibility analyzes presented, the results indicated that it is feasible to introduce the SOFC micro-CHP system in Wuhan area from the economic viewpoint. However, fuel cell are still a non-mature technology aiming to reach the market in the coming years. Due to the constant development of fuel cell technology and recent commercial production, the available information about its performance in real applications is currently limited to date, and the cost information is not well established.
I. INTRODUCTION
n many reaching Solid oxide fuel cells (SOFC) has defined as energy technology conversation system, that in recent years shown many advantages friendly for the environmental, such as low emission.
Stationary fuel cells applications have been successfully spreaded at a number of commercial buildings including supermarkets [1] . A typical apartment has a relatively low-level of energy consumptions during the day/month/year when high power devices are operated and higher heating loads when is required, [2] .
The size of a SOFC micro-CHP system is dependent on climate conditions, which directly determine the thermal and electrical demands of the residents. It is therefore, important to evaluate the performance of the SOFC micro-CHP system to ensure that it matches well with the local area heat-to-power load ratio, [3] . For the performance assessment of building integrated SOFC micro-CHP system, the interaction between the cogenerations system and building loads is considered using dynamic building simulations tools.
This study aims to create a model of SOFC combining HeatPower generations system, applications, using gas methane (CH4) as a fuel, for a single-family apartment located in Wuhan area, and economic feasible analyze. The system created is to caver the heat and electricity demand of a 120 m 2 [4] , of single-family apartment with an average of two (2) occupant. The proposed methodology have been conducted in different researching for different residence with different load profiles. Alternatively, the model parameters could also be derived using a detailed fuel cell system model including a detailed cell and stack fuel cell model Figure.1 figure 1 . According to the Annual Weather Averages , Wuhan climate is humid subtropical with abundant rainfall and four (4) distinctive seasons. The summer it's oppressively humid, and the dew-points can reach 26 °C (79°F) or more. While the winter is cool with occasional snow, spring and autumn are generally mild. The monthly 24 hour average temperature ranges 4 °C (39.2°F) in January to 29.1°C (84.4 °F) in July, with 1320 mm of annual precipitation (majority of which falls from April to July). Based on the Microsoft Excel Database [5] , the annual temperature of Wuhan area are plotted, as shown in figure 2.
Figure.2-Annual Temperature profile of Wuhan area
In the present study the energy demand for space heating of a single-family apartment with 120 m 2 , and with an average of two (2) occupant are plotted according with the equations bellows. The energy demand is shown in figure 3 , [6] .
Heating demand
Where: -Heat capacity; -Solar energy gains through windows; -Internal energy.
Where:
Where: -Coefficient of solar transmission of the windows; -shading coefficient of the windows; -Total surface of the windows of the building (m 2 ); and -Global irradiation on horizontal surface (w/m 2 ).
Where: -Heat generate by light sources (w); -Heat generate by appliances (w); and -Heat generate by occupants.
Where: -Average specific heat gain due the light in the building (w/m 2 ); -Average specific heat gain due to domestic appliances in the building; and -Average specific heat gain due to people in the building (w/m 2 )
Hot water demand
Where is the average specific heat demand for hot water production (w/m 2 ). a) The fuel cell reactions are assumed to be in equilibrium;
b) The fuel cell is assumed to be operated under the steadystate conditions; c) The air that enter the fuel cell consists of 79% of N2 and 21% of O2; d) All gases behave as ideal gases; and e) The cathode and anode exit temperature of the fuel cell are assumed to be equal; Each of the components are modelled individually and integrated to form the overall SOFC micro-CHP system.
Modelling of SOFC micro-CHP system
A process flowsheet for a natural gas (CH4) fueled SOFC is shown in Figure 4 , the dished lines indicate process flow diagrams for the system. In the system the fuel (natural gas-CH4) enter a fuel heat exchanger (state 2), where the cleaned natural gas is mixed with super-heating steam provided by gas exhaust (state 11) to archive the necessary steam-to-carbon without carbon deposition. The mixture of the fuel gas (state 3) is then passed through an external pre-reformer before entering to the anode cellstack (state 4), were his pre-reformed and converted to hydrogen and carbon monoxide. The air from the ambient enter to the system by compressor (state 7) to cool the SOFC, and a portion of airflow is preheated by the burner exhaust gas in the air heat exchange (state 8), and then enter to the stack (state 9). After the electrochemical oxidation process on the anode, the residual combustible are mixed with excess air from the cathode exhaust and catalytically oxidized in the tail-gas burner. The highest temperature (850-1000 ºC) on the system is verified in the burner exhaust (state 11), that are used for downstream process gas reactors and heat exchange. The SOFC stack produce only direct current (DC) power that must be converted into alternating current (AC) power (single or three phase, 50 or 60 Hz) for use by building power demands or for export to the electric grid. www.ijsrp.org
Figure.4-Flowsheet for SOFC micro-CHP System
The mathematical description of the system is formulated in terms of governing equations that are established from: a) Conservations laws; b) Interface and boundary conditions; c) Performance characteristics of the components. The mass balance and energy balances written for each component in the system, [7] . 
SOFC stack Mass
= ∑̇− ∑̇(8)
Air compressor
The air compression system has an important role in the design and control of SOFC systems. The parasitic required by the air compressor, which serve to supplying the total amount of air needed for electroxidation reaction and stack cooling requirements, is calculated by the following equations, [7] :
= * * (15) = − www.ijsrp.org
Post-burner
This sub-model is aim to evaluate exist post-burner temperature after combustion of residual H2 and CO molecules held by the anodic exhaust stream. Another important function of the post-burner is in recovery, although in a thermal form, which is the chemical energy held by the residual hydrogen existing the SOFC. The is estimated solving the following energy balance, [7] :
Air pre-heater and pre-reformer
The heat exchange is required to pre-heat the feed gases before entering cell stack, because the SOFC system runs at relatively high temperature. The dynamic equations of hot and cold fluid temperatures in the pre-heater and reformer is presented below, [8] : a) Hot fluid:
Where Heat capacity (J/K); 
Electric stack power
The activation polarization is described as the energy barrier that should be overcome by the reacting species. Is calculated by using the Bulter-Volmer equation, [8] : 
The electric stack power is defined by the equations bellow, [9] : = * = * * (23) Where = in the average single cell voltage.
IV. SIMULATIONS AND RESULT
The dynamic and detailed model presented in this paper can be useful to simulating fuel cell behavior under different operating conditions. The model was implemented in Matlab-Simulink environment, where in order to speed up computation time, the parameters of the balance of plant components was estimated and assumed based on the averages gas species of specific heat. Table  1 shown the parameters and operating conditions for the system. 
10%
Based on the equations (8 to 30) and the parameter presented in table 1, the SOFC micro-CHP system fueled by 0.025 kg/h of methane (CH4), 298 k as initial temperature, was simulated and produce around 1.67 kw of power output and an exhaust of 602.7 k. Figure 5 shown the plant schematic of SOFC with description of energy and mass flows at the nominal operating point. ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.9.01.2019.p85XX
www.ijsrp.org Fuel cells can be applied for transport, portable and stationary energy generations. Stationary fuel cell systems is the most used finding applications in all scales: micro-scale CHP for residential use, to off-grid back-up power system, to power prime power for buildings and even to megawatt-scale power stations, (Fuel Cell Today, 2013).
Economic feasibility Analysis
Energy crisis has become an undeniable global issue. The energy reform is also an important part of the Chinese government's plan to go green because the reform will bring out a more efficient power network and allow more interactive matching of supply and demand through intelligent energy networks. ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.9.01.2019.p85XX
www.ijsrp.org SOFC technology is currently at the stage of development, thus its cost information is not well established and very little data are available from the open literature. According to (U.S. Department of Energy -DOE, 2017), [10] , the current capital cost of a SOFC is estimated about $335.89-$1385.69/kW for 1-5 kW CHP System, and for 10-25 kW CHP System is about $516.58-$1109.42 kW. To calculate the cost and the maintenance cost for the system proposed has to be defined, due the fuel cost is variable. For this reason in this paper, it has been calculated the operating of the system, based on the prices of fuel (CH4-natural gas) and the electricity. Based on the model created, it has been simulated 0.025 kg of fuel and 1.67 kW as result, which was not enough to evaluate the electricity demand from the single-family apartment. To evaluate the electricity demand, the quantity of fuel necessary to supply the electricity demand for each month, has been calculated as shown in table 2: 
Figure.9-Electricity and fuel cost
According with the graphic, the cost variable during the year, according with the variation of demand from the apartment.
VI. DISCUSSION
The model SOFC mCHP system has been designed based on the Wuhan area weather conditions and Energy demand from a 120 m 2 of Single-family apartment, as shown in figures 3 and 4. Based on the model created in Matlab-Simulink environmental, it has been simulated 0.025 kg/h of methane (CH4) as fuel, 298 k as initial temperature and produced around 1.67 kW of power output and an exhaust of 602.7 k. It has noted that, the power output was not enough to evaluate the electricity demand from the singlefamily apartment. Therefore, in order to evaluate the electricity www.ijsrp.org demand, the quantity of fuel necessary to supply the electricity demand for each month, has been recalculated as shown in table 2. An economic analysis has been conducted in this paper considering the costs values of electricity and fuel in order to have an economic viewpoint to introduce this system in our study area.
VII. CONCLUSION
In the present work was aim to investigated a model of SOFC micro-CHP system to cover the heat and electricity demand of an 120 m 2 of single-family apartment with an average number of two (2) occupants, located in Wuhan area. In order to understand the system operating limits, a dynamic model of SOFC micro-CHP system has been developed and analyzed. Numeral simulation are conducted in Matlab-Simulink® environment, to determine the optimal match between the energy demand from the apartment and the energy supply from the SOFC micro-CHP during the whole year. Finally, the cost operating are calculated. From these results, it's possible to see that the total cost variable during the year according with the variation of the demand of electricity, and the analysis result indicate that it is feasible to introduce the SOFC micro-CHP system in Wuhan area from the economic viewpoint. An economic analysis including the installation and the maintenance cost of the fuel has to be made in order to calculate the total savings that can be achieved installing a fuel cell micro-CHP system. Promising applications were looked into during this work to find the applications that will give fuel cells the opportunity of market penetration.
